AS is the prototypical member of the family of spondyloarthropathies, and is characterized by seronegativity, axial predominance and new bone formation, which underlie symptoms of inflammatory back pain, enthesopathy and extra-articular manifestations, including anterior uveitis, psoriasis and colitis. Patients with AS typically experience a wide variety of morbidities. These include both morbidities related to the disease itself-most prominently progressive, irreversible, structural damage to the axial or peripheral skeleton-and morbidities stemming from treatments for the disease, including toxicities from NSAID use, and increased risk of infections and immunogenicity concerns with biologics. AS is also associated with a number of comorbidities. We review the risks associated with AS, its comorbidities and its treatments, as well as strategies that can be used to mitigate these risks in patients with AS.
Introduction
AS is the prototypical member of the family of spondyloarthropathies (SpAs), which also includes PsA, reactive spondyloarthritis, IBD-related or enteropathic spondyloarthritis and undifferentiated spondyloarthritis. The SpAs are a diverse group of seronegative, chronic, inflammatory, rheumatic diseases with common clinical, radiographic and genetic features [1, 2] . AS is a severe and potentially debilitating form of SpA [2] . AS affects between 0.2 and 0.5% of adults in the USA [3] , and is predominantly a male disease. The male:female ratio has been reported to vary from 2:1 to 9:1 [2] . Patients with AS typically present with inflammatory back pain with varying degrees of associated enthesopathy (inflammation at sites where tendons, ligaments and joint capsule fibres attach to bone), peripheral arthritis and extra-articular manifestations [2] . Extra-articular manifestations include anterior uveitis, psoriasis, colitis and, less commonly, cardiac, renal, urogenital and cardiovascular (CV) manifestations [4] .
AS, like all forms of SpA, is generally seronegative (i.e. negative for RF) and is differentiated from other forms of SpA by the axial predominance of symptoms [2] . In addition, AS is associated with new bone formation that can lead to ankyloses [5] . Although symptoms of AS typically begin before the age of 30 years, there is a delay in diagnosis of 68 years [6, 7] . Diagnosis of AS has long relied on evidence of structural damage to the bone via radiographic imaging [8] . Radiographic evidence of sacroiliitis is a defining feature of AS and is part of the traditional diagnostic criteria according to the internationally accepted modified New York criteria for AS [9] . The newer Assessment of SpondyloArthritis international Society (ASAS) classification criteria divide axial SpA into radiographic and non-radiographic SpA [10] . Nonradiographic SpA (nr-axSpA) refers to patients in whom sacroiliitis cannot be detected by X-ray but is visible on MRI. In patients with AS, formation of new bone and cartilage (syndesmophyte formation) in the intervertebral joints ultimately results in fusion and sclerosis of the cervical and lumbar spine, leading to loss of mobility and significant functional impairment. Finally, SpA is considered an auto-inflammatory disease controlled by innate immune cells [11] .
The aetiology of SpA has a strong genetic component. The HLA-B27 gene is the predominant genetic association for the development of all forms of SpA, particularly AS, and is believed to contribute about one-third of the genetic component [12] . More than 90% of patients with AS carry the HLA-B27 gene, compared with only 6.1% in the general US population [1315] . The prevalence of AS is closely linked to the background frequency of HLA-B27 in the population, and HLA-B27 is likely the major gene involved in AS susceptibility, but it operates in conjunction with other genes and has little impact in determining disease severity [16] .
Given the multimodal complexity of AS, patients experience a wide range of morbidities related to both the disease process and its treatment, and AS patients also have a variety of associated comorbidities. Managing morbidity is an important consideration when treating patients with AS (Table 1) . This review will discuss and highlight the many risks associated with AS and its treatment, with the aim of improving physician awareness.
Disease-related risks
Based on data from the National Registry of Spondyloarthritis in Spain (REGISPONSER), the most common initial symptoms of AS attributed to the disease are low back pain and sacroiliac joint syndrome, defined as alternating pain that affects the buttocks (Table 2) [25]. Comparison of the early and late cohorts (i.e. patients with disease course 42 or >10 years) showed little difference in terms of the initial presenting symptoms. Progressive structural damage to the axial or peripheral skeleton resulting in irreversible physical impairment is the primary morbidity associated with AS [26] . Progressive damage associated with AS often results in a loss of function that affects the activities of daily living and substantially reduces health-related quality of life (HRQoL). Physical function directly influences patient HRQoL, work productivity, and both direct and indirect costs associated with the disease [2730] . An inability to perform activities of daily living, such as washing and dressing, can have a significant negative effect on HRQoL [29] .
Identification of clinical and genetic factors can help predict outcomes in AS and identify patients needing more aggressive therapy. For example, Amor and colleagues [31] identified a number of poor prognostic factors in patients with SpAs, including hip involvement and early disease onset. Although there is no agreement with regard to clinical features that define severe disease, hip involvement, disease duration, ESR, CRP levels, smoking and lower socioeconomic status have all been shown to be associated with worse functional status in patients with AS [32, 33] . Additionally, older age, neck pain at disease onset and single nucleotide polymorphisms in PTPN2 and PSTPIP1 are predictors of severe functional impairment [34] .
Clinicians should also be aware of the relevant extraarticular manifestations of AS (i.e. IBD, Crohn's disease, ulcerative colitis, psoriasis and uveitis) and associated comorbidities, and understand the collective effects of these manifestations on patient management [35, 36] . Extra-articular manifestations and associated comorbidities have an overall negative effect on HRQoL [29, 35] . The prevalence of these manifestations in patients with AS is outlined in Table 3 . Uveitis, psoriasis and gastrointestinal (GI) involvement are common. Anterior uveitis (inflammation of the pigmented layer of the eye) is the most frequent extra-articular presentation, with a prevalence of 1826% [37, 38] . A strong relationship has also been noted between GI and joint inflammation in patients with SpA, including AS [35] . Colonoscopy data in patients with AS show microscopic signs of GI inflammation in up to 60% of patients [35, 39, 40] , and IBD has been identified in up to 7% of patients with AS [37, 38] . The precise cause of GI inflammation in this patient group remains unknown, although it has been suggested that interaction of HLA-B27 with bacterial antigens in the gut could be a contributing factor based on studies in animals [41] . The presence of microscopic gut inflammation in patients with SpA may have prognostic and therapeutic decisionmaking implications; patients with chronic gut inflammation appear to have a less favourable disease course [42] . Therefore, an examination of the GI tract should be included when assessing disease-associated morbidity in patients with AS.
Patients with AS are also at increased risk of CV disease [35, 43, 44] . There is a higher prevalence of atherosclerosis, possibly due to chronic inflammation and immune dysregulation, which may account for the elevated risk of CV disease [35] . It has been estimated that 210% of patients with AS have cardiac manifestations [45] . Aortic regurgitation, atrioventricular block and other less common CV disorders can occur in AS, as well as in other forms of SpA [4] . Patients with aortic root involvement are at increased risk of aortic insufficiency and cardiac conduction system disease [44, 45] . In fact, the prevalence of pacemaker use among patients with AS has been shown to be as much as 15Â higher than for the general public [46] .
Respiratory involvement may occur in patients with AS. Pulmonary manifestations of AS include fibrosis of the upper lobes, interstitial lung disease, and ventilatory impairment due to chest wall restriction, sleep apnoea and spontaneous pneumothorax [45] . The introduction of improved pulmonary visualization technology, such as high-resolution computed tomography, has improved the identification of lung abnormalities associated with AS [45, 47] . The natural history of lung abnormalities in AS and the potential of therapeutic interventions to halt their progression is largely unknown [45] .
Osteoporosis is a well-established complication of all SpA, and can lead to spinal fractures [4] . It is believed to be caused by increased levels of inflammatory cytokines and restriction of mobility secondary to pain and reduced range of motion [4] . Chronic increases in proinflammatory cytokines such as TNF-a can inhibit the proliferation and maturation of osteocytes and stimulate osteoclastogenesis [4] . The combination of osteoporosis and a rigid ossified spine can make patients with AS more susceptible to fractures [48] . Pseudoarthroses can form when stress fractures of the thoracolumbar junction are unable to heal due to persistent motion at the stress fracture site. In patients with AS, unlike RA, bone loss is also accompanied by new bone formation [49] . The resulting phenotypical differences may thus require different approaches in therapeutic intervention [50] . Similar to RA, loss of balance is also a concern in patients with AS and may increase the risk of falls and fractures [5153] . This affects patients with high disease activity more frequently than those with low disease activity [51, 54] . Loss of balance in AS patients is often associated with severe joint deformities, poor posture and impaired spinal mobility [5355] .
Finally, patients with AS also suffer from poor sleep quality, which is positively correlated with increased pain, poor QoL, depressed mood, higher disease activity and mobility restrictions [56] . Patients often experience fatigue, as well, which is positively correlated with disease activity and may also be related to depression, anxiety and sleep disturbance related to their disease [57] .
Mitigation of disease-related risks
Early diagnosis and treatment of AS may slow the progression of the disease [58] . Increased use of MRI of the sacroiliac joints and spine has facilitated earlier diagnosis and treatment of AS because it can detect sacroiliitis in the initial stages and can predict the development of structural radiographic changes, with 60% positive predictive value, 3 years before any structural damage can be detected on plain X-ray [59] . Available therapies can reduce inflammation and improve symptoms; however, no treatments have been clearly shown to prevent structural damage to the skeleton. A comprehensive evaluation of disease-related morbidity should be conducted at diagnosis in all patients with AS through a careful patient history and the use of disease-specific metrics [60] . This establishes a baseline against which to assess disease progression and the benefits of treatment. Assessment of patients with AS is multidimensional and monitoring of disease progression is complex. There is no single measurement for disease activity, but rather it is the sum of many different indicators [61] . Disease activity is based on assessment of patientreported pain, physical function, spinal stiffness, spinal mobility and global assessment of health status. In addition, levels of acute-phase reactants, either CRP or ESR, provide an objective measure of inflammation. Validated composite measures of disease activity such as BASDAI and the ASAS-endorsed disease activity score (ASDAS) and measures of function and mobility such as BASFI and spinal mobility tests (e.g. finger to floor, occiput to wall, lateral flexion and Schober's test) are used in clinical practice to assess disease activity. For example, BASDAI consists of six questions that assess fatigue, spinal and peripheral joint pain, localized tenderness and morning stiffness (both qualitative and quantitative) [17] . Tracking these, or similar, metrics over time is important to assess whether treatment is reducing pain and improving mobility or the disease is progressing and may require more aggressive treatment. Imaging should be used for both diagnosis and to follow disease progression over time. Recent recommendations by EULAR provide detailed guidance on the use of imaging in patients with SpA, including AS [62] . These consensus guidelines recommend use of MRI to monitor disease activity in both axial and peripheral SpA. In axial SpA, conventional radiography of the sacroiliac joints and/or spine is recommended for long-term monitoring of structural damage, particularly new bone formation. Detection of syndesmophytes in the lumbar or cervical spine by conventional radiography is predictive of disease outcome and severity. The guidelines also suggest that findings of extensive inflammatory activity on MRI may be predictive of better outcomes with TNF inhibitors [62] .
The primary goal of therapy in all forms of SpA is to maintain good functional status and to slow or halt disease progression defined by clinical symptoms, radiographic findings and serological markers of inflammation (e.g. CRP or ESR) [34, 43, 63, 64] . Exercise is an important component of the standard treatment approach and has been shown to improve pain, physical function, spinal mobility and patient global assessment [64] . Physical therapy and physical activity are important to help manage the symptoms of AS and physical therapy is recommended for patients with stable AS [43, 63, 65] . A Cochrane review found that an individual home-based or supervised exercise programme is better than no intervention [66] . Physical therapy helps maintain or improve spinal movement, improve fitness and decrease pain [66] . Counselling with regard to smoking cessation or abstinence is also important because smoking has been shown to be an independent risk factor for radiographic progression [67] .
NSAIDs are the first choice of pharmacotherapy for AS [68] . Current guidelines state that therapy should start with an NSAID, and patients should fail at least two NSAIDs before moving to a new class of drugs [43, 63, 65] . Once patients progress on NSAIDs, they will typically receive a biologic agent. Until recently, TNF inhibitors (adalimumab, certolizumab pegol, etanercept, golimumab and infliximab) were the only biologic treatment options for patients with AS. These agents have been shown to significantly reduce pain and inflammation associated with AS and improve mobility and HRQoL [6974] [63] .
Other biologic agents have been investigated in AS and provide an additional treatment option to TNF-a inhibitors. These include secukinumab, an anti-IL-17A mAb, and ustekinumab, an anti-IL-12/23 mAb [79, 80] . Both of these agents are currently approved for treating PsA, and secukinumab has recently been approved for the treatment of AS based on evidence that it significantly reduced disease activity in active AS [79] . Treatment with ustekinumab or secukinumab has been shown to improve MRI osteitis and inflammation scores, respectively [80, 81] , and regression of spinal inflammation has been observed with secukinumab [82] .
Unfortunately, while biologic agents have been shown to provide significant short-term symptomatic benefits with respect to reduced pain and disease activity, improved mobility and improved function compared with placebo in patients with active AS, they have not yet been shown to prevent structural damage to the skeleton [83] . Despite aggressive treatment with biologic agents, patients with AS may still develop total spinal ankylosis, albeit patients with total spinal ankyloses may still benefit symptomatically from treatment with TNF inhibitors [74] . While pharmacotherapy effectively reduces inflammation, it is not clear that inflammation is the direct cause of syndesmophyte formation in AS. Studies have shown that progression of syndesmophytes can occur despite clinical disease remission based on inflammatory markers and clinical symptoms [64] . Therefore, treatments that can slow or prevent structural damage to the skeleton are greatly needed.
There is limited evidence that DMARDs such as MTX and SSZ provide therapeutic benefit in patients with AS [84, 85] , and EULAR guidelines specifically state that these drugs are not to be used in axial disease [43] .
Cochrane literature reviews of these agents found that there was not enough evidence to support any benefit from either MTX or SSZ in patients with AS [84, 85] . The use of systemic glucocorticoids is also not recommended for the treatment of AS [63] .
One of the major limitations in the treatment of SpAs is that treat-to-target, a therapeutic concept derived from RA and other diseases [86, 87] , has not gained traction in SpA [86] . Treat-to-target implies that a clear target, such as remission or low disease activity, has been established that can be sustained over time, with an understanding of the need to treat flares and maintain tight control of disease activity [87] . Although treat-to-target has been proposed for SpA, it has not yet been adopted [60, 86, 88, 89] . This strategy requires a universal definition of the target (e.g. remission) [87] . Remission and sustained low disease activity have been suggested as possible targets in SpA [89] . Unfortunately, there is currently no consensus on the definition of remission or minimal disease activity in AS that can be used as a treatment target [90] . A composite of outcome measure may be most useful given the multifaceted nature of AS and other forms of SpA [86] . ASAS/EULAR recommendations for the management of AS are presented in Fig. 1 [91] .
Treatment-related toxicity
In AS, the recommendation is to use the lowest dose of NSAIDs for the shortest duration, but these patients have a life-long chronic disease that may require chronic therapy. A discussion with patients regarding the adverse effects associated with NSAIDs is important because AS is the only chronic rheumatic disease where continuous treatment is justified [92] . NSAIDs have known significant risks, including dyspepsia, GI bleeding, GI obstruction, liver and renal toxicity, cardiovascular effects and hypertension [9294] . Dependence on NSAIDs is concerning due to their toxicity. Many patients cannot take them including the elderly or those on anticoagulants due to increased risks for adverse events [94] . NSAIDs should also be avoided in patients with GI involvement [95] . The patient's CV risk profile should be considered before prescribing NSAIDs [65] . The NSAID used should be selected according to its efficacy in a given patient and according to the patient's risk profile [92] . Patients with AS should have their liver enzymes, creatinine levels and blood pressure monitored closely following the start of NSAID therapy.
The most common risk associated with biologic agents, including both TNF inhibitors and antibodies against interleukins, is infection. Frequently reported infectious complications include nasopharyngitis, upper respiratory tract infection, herpes simplex, influenza, Candida and pneumonia [6974, 79] . These are generally non-serious adverse events that resolve spontaneously or with appropriate antibiotic or antifungal therapy and rarely lead to discontinuation of therapy, although serious infections have been reported. For example, in the phase III trial of infliximab, 43% of patients treated with infliximab reported 51 infections compared with 36% of patients receiving placebo [73] . Rare cases of tuberculosis, granuloma of the lung and secondary malignancies have also been reported, and could potentially result from the immunosuppressive effects of these biologic agents [69, 79] . Other adverse events include infusion or injection-site reactions and elevated liver enzymes [7174] . The availability of newer biologics with other mechanisms of action, such as IL-17A inhibition, provides an additional treatment option with a different safety profile compared with TNF inhibitors [81] . Secukinumab is the first approved agent of this class for AS and another IL-17A inhibitor, ixekizumab, is in clinical development [79, 96, 97] . Secukinumab was also associated with infections, most frequently nasopharyngitis and Candida but reactivation of latent tuberculosis was not observed with secukinumab.
Immunogenicity is another concern with all biologics that can limit their effectiveness. Approximately onethird of patients treated with TNF inhibitors will have an inadequate response or lose responsiveness to these drugs over time and, in many cases, this may be a result of antidrug antibodies (ADAs) [98] . Data on the frequency of ADAs in AS are limited, but the available data suggest rates similar to those seen in other inflammatory diseases [98] . Although ADAs are a significant problem, current clinical practice does not include routine monitoring of serum ADA or drug levels in an effort to identify the reason for poor response. Instead dose intensification and/or drug switching is routinely practiced. It has been observed that concomitant use of DMARDs with TNF inhibitors may lower the immunogenicity of TNF inhibitors in patients with SpA [99] ; however, DMARDs are not recommended for the treatment of AS [43] .
The combination of a DMARD and a TNF inhibitor has been found to significantly lengthen TNF inhibitor drug survival compared with TNF inhibitor monotherapy in patients with AS [100] . However, the authors of this study caution that the beneficial effect of comedication, if present, may not be large enough to justify changes in management recommendations [100] . Additionally, some patients will maintain disease remission following physician-directed dosage adjustment of TNF inhibitors [101] and this approach could be considered with care for individuals that achieve remission.
Implications of poor adherence to therapy
Treatment compliance is a concern among patients with AS. Poor adherence to treatment can undermine the potential therapeutic effect of biologic therapy, thus contributing to treatment failure, disease progression and the need for more aggressive therapy [102] . In patients treated with TNF inhibitors, older age is associated with increased adherence, whereas female sex, comorbidity and poor clinical condition at baseline are associated with decreased adherence [103] . In patients with AS, there is a high potential for poor adherence because patients may not constantly be aware of the signs and symptoms of their disease. Stopping and starting therapy may reduce efficacy; this has been demonstrated in patients with RA [104] .
Psychosocial risks
Psychological factors may influence disease status and outcome, and could affect the choice of both assessment tool and treatment [105] . There is a higher risk of depression in patients with AS than in the general population [106108] . Adherence to treatment may be more difficult in patients with comorbid depression [109] . It is important to recognize depressive behaviours such as alcoholism, non-social behaviour, drug addiction and suicidal ideation. Physicians should be attuned to psychological concerns in patients with AS, and should identify patients who may benefit from a referral for counselling.
AS can have particularly severe social and psychological effects on young patients; it usually presents in early adulthood and affects patients during their most productive years [110] . The disease can lead to self-esteem issues and social isolation. Patients may not be able to participate in social activities due to pain. Because of the early onset of AS, the psychological adverse effects of the disease occur early in life and may persist for many years.
Conclusions
Among patients with AS, and other forms of SpA, comprehensive care is critical and should aim to mitigate morbidity, increase mobility and function, and improve HRQoL. As outlined above, this may be achieved by early diagnosis and treatment with the goal of slowing or halting disease progression (defined by clinical symptoms, radiographic findings and serological markers of inflammation), treatment of SpA-associated physical morbidity through exercise, management of treatmentrelated toxicity and treatment of associated medical comorbidities. Effective therapies are available that can significantly reduce pain and inflammation associated with AS and improve mobility and HRQoL; however, no therapy has been shown to prevent structural damage to the skeleton. It is not clear that treating the inflammation in AS can prevent progression of syndesmophytes or avoid development of total spinal ankylosis. It is also critical to be aware of and effectively manage the many comorbidities associated with AS and to pay close attention to patients' mental health status. In conclusion, management of patients with AS requires a multidisciplinary approach.
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